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INTRODUCTION 
The objective of this research was to investigate the X-ray data 
cards published by the Joint Committee on Powder Diffraction Standards 
(JCPDS) for errors in indexing, printed ct-values, cell dimensions, or a 
combination of these. This was done by comparing ct-values on the card 
with ct-values calculated using equations which relate ct-values to hkl and 
cell dimensions. Explaining the discrepancies is a more difficult problem 
because there are many things that can cause differences. For instance, 
cell parameters may be incorrect. Sometimes ct-values are given Miller 
indices that do not coincide with those allowed in the space group of the 
mineral or are in error for the reflection under consideration. Another 
possibility is that the mineral had impurities in it that produced ct-values 
that are uncharacteristic of the mineral being studied. Other possibilities 
that might produce errors are incorrect space groups or incorrect crystal 
systems. Among all these possibilities, though, there is one kind of inac-
curacy that is prevalent; ct-values on the cards differ from those calculated 
using the cell parameters for that mineral. These inaccuracies may be at-
tributable to observational errors in reading 2-theta. This work is an 
attempt to find if any errors are present in a selected group of minerals, 
and to determine the cause, if possible. 
PROCEDURE 
Two computer programs, prepared by C. E. Corbato, were utilized. First, 
an hkl generator program was used to determine all possible Miller indices 
and their corresponding ct-values from the given space group and cell para-
meters on the JCPDS card. A minimum ct-value was put in the program to place 
a lower limit on the ct-values generated. The particular space group of a 
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given mineral is detennined by the Miller indices of sets of p·11111es which 
are extinguished owing to the atomic arrangement. The program prints out 
the indices that are allowed for a given space group along with their cor-
responding d-values and orders the d-values by value from great.est. to 
least. The d-values are calculated using the appropriate equatfon which 
i depends on the crystal system of the mineral. 
Isometric: dhkl = ao 
/h2+k2+12 
Tetragonal: dhkl = 1 
h2+k2 + 12 
2 2 
ao Co 
Orthorhombic: dhkl = ----===1===-
/fi + i_ 2 2 bo Co 










These calculated Miller indices and d-va1ues were then compared with 
those on the JCPDS card to detennine if there are any great d·i ssimil ariti es. 
If there were, then the second program was used. 
The second program gives two tables. One table is titled Ref-inement 
Minimizing the Sum of the Squares of the Residuals of l/0**2. The other is 
named REfinement Minimizing the Sum of the Squares of the Residuals of Theta. 
This program calculates cell dimensions for the mineral using previously 
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assigned Miller indices, a set of observed d-values or 2-theta values, and 
the mineral's crystal system as input. The program does this by using a 
linear least squares procedure. This procedure's premise, according to 
Cullity (1956, p. 335) is that "the most probable value of the measured 
quantity," 2-theta in our case, "is that which makes the sum of the squares 
of the errors a minimum." An example of one way this is done is given in 
Appendix 1 (prepared by C. E. Corbato). Also in the program is a value for 
the wavelength(/\). From this information the remainder of the first table 
of program one is calculated by means of the following relations: 
2-theta=2arcsin-1(7\/2d) 
D(CALC) is calculated using equations 1, 2, 3, or 4 
depending on the crystal system of the mineral. 
Residuals 
1/0**2 = 1 1 
D(OBS) 2 D(CALC) 2 
2-theta=observed(2-theta)- calculated(2-theta) 
In the second part of program one the cell dimensions are computed in 
a non-linear least-squares procedure which gives slightly better results. 
In this program the sum of the square of the residuals of theta is mini-
mized. The rest of the calculations are carried out in the same way as 
in the first portion of the program. 
Overall, there are three different values ford; from the JCPDS 
card, from the hkl generator (from Program 1), and a calculated d-value 
(from Program 2). The d-values on the card and the d-value from the hkl 
generator should be very close. This so because they are associated by 
the cell dimensions. The hkl generator program used the cell dimensions 
on the card to obtain d-values. The d-values on the card were used by 
- 3 -
other workers to calculate the cell dimensions given on the card. If 
there is disagreement between the two values then it may be due to an 
error in reading 2-theta from powder films or X-ray strip charts on the 
original pattern from which the card data were tabulated. These will be 
noted. 
Next, JCPDS d-values and calculated d-values from the refinement 
program are compared. This is where differences begin to occur. When 
the calculated d-values are computed, new cell dimensions are used. If 
the difference between these cell dimensions and those on the JCPDS card 
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Fi gure 1 JCPDS 
for embolite 
card 
The difference between the calculated cell dimensions from the re-
finement and that on the card of this cubic mineral is only .oo.i Ang-
stroms(A)(compare cell dimensions in Figure 1 with those of the refine-
ment in Appendix 2.1). This shows up as some small differences between 
calculated and observed values of l/0**2, of which the largest is .00437A-2. 
This corresponds to an error in the reading of 2-theta of .299° 2-theta 
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for the (422) reflections(Appendix 2.1). The JCPDS data for embolite are 
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The diffenence between cell demensions from the refinement and those 
on the card of this tetragonal mineral is .0034A for ao and ·.o03A for Co 
(compare cell dimensions in Figure 2 with those of the refinement in Ap-
pendix 3.1). Some variation in the residuals of 2-theta can be found 
too, the greatest of which is .209° 2-theta for the (512) reflection(Ap-
pendix 3.1). Also, the 1.239A d-value on the card is indexed as either 
(620) or (104). According to the hkl generator this reflection should 
be indexed as (333)(Appendix 3.2). The unindexed d-value, 2.951A(Figure 
2) is probably an impurity in the mineral since the hkl generator program 
produced no ct-value close to 2.951A for the given cell dimensions and 
crystal system. Therefore, the JCPDS card data appear to contain one 
error in the assignment of the Miller indices for the ct-value of 1.239A. 
Fl uorapatite 
The difference between ao from the card and the ao from the refine-
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igure 3 JCPDS card 
or fluorapatite 
ensions in Figure 3 with those of the refinement in Arpendix 4.1). These 
are small differences. Accordingly, the data taken from the card shows 
the greatest difference in 2-theta is .041° for the (300) reflect'ions(Ap-
pendix 4.1). The JCPDS card data for fluorapatite appear to be e>:cept-
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Figure 4 ,JCPDS card 
or frankl inite 
Franklinite shows a difference of .0028A between a0 on the card and 
ao from the refinement(Appendix 5.1). Only minor discrepancies are ob-
served for residuals of 2-theta, of which the largest is .168° for the 
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Comparing the hkl generator d-values(Appendix 6.1) with those on the 
JCPDS card many dissimilarities can be seen. First of all, many d-values 
appear on the card that do not appear on the hkl generator output. The 
first three values on the card are not allowable within space group num-
ber 218(P43m), with a cell dimension of 10.585A. The second value among 
these three is given Miller indices which are not allowed in this space 
group. These Miller indices, (001), along with their odd orders of ref-
lections should be cancelled out because of interleaving of other planes 
in this space group. The first d-value that does correspond to one on 
the hkl generator output is 7.50A. The next three have no matches on the 
hkl generator output. One of these with the value 6.11A is indexed as 
(111) but this reflection is not allowed in this space group for the same 
reason as above. Another ct-value that is not on the hkl generator out-
put is 3.42A. Galena, which is a mineral intimately associated with 
germanite according to Palache(1944, p. 386), has 3.429A as one of its 
d-values. It is possible that galena is responsible for this peak. The 
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d-value, 2.96A, when applied to the equation a~/d 2~h2+k2+1 2, gives 12.79 
for h2+k2+1 2. This cannot be indexed as (023), as it is on the card. 
This d-value may be due to some other mineral. Both galena and tennant-
ite have d-values close to 2.96A, 2.969A and 2.94 respectively. Both of 
these minerals are intimately associated with germanite and either galena 
or tennantite may be responsible for this d-value. Calculating for 1i2+k2 
+1 2 with ad-value of 1.502A, 49.66 is obtained. This cannot be reason-
ably indexed as (017) as it is on the card. The d-value of 1.479A is in-
dexed incorrectly. (117) and (155) are not allowed in this space group. 
Another problem with the d-values on this card seems to be an oversight. 
The d-value of 1.080 is unindexed. The value for h2+k2+1 2 for this d-value 
is 96.06. This can be indexed with indices (844). 
For the above reasons it was decided to investigate germanite in more 
detail. Murdoch(1953, pp. 794-801) did the original work from which the 
card data were taken. He concluded that germanite is psuedo-isometric 
and shows some deviations from a truly isometric pattern. These deviat-
ions may account for the unindexed d-values and the values with question 
marks beside them on the JCPDS card. 
An X-ray pattern of germanite was run. The sample used was from the 
type locality for gem.anite in Tsumeb, South-West Africa. Murdoch's mat-
erial was from the same location. 
The germanite was powdered to a grain size of less than 62 microns. 
The Phillips goniometer was run at a rate of½ degree 2-theta per minute. 
The power was set at 35kV and lOma. A Geiger detector was used. The 
radiation was copper with a nickel filter. 
Before comparing d-values from the X-ray pattern with d-values from 
the hkl generator program, the d-values of germanite were calibrated with 
the d-values of quartz which was used as an external standard. This was 
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done by taking accurately known values of 2-theta, given by Frondel(l962, 
pp. 26-33) for quartz and comparing them with 2-theta values from an X-
ray strip chart of quartz. The differences were then calculated and plot-
ted on a graph against the value of 2-theta. A straight line was then 
drawn on the graph to follow the trend of the points. A reproduction of 
this graph is shown in Appendix 6.2. It was noted that the 2-theta val-
ues from the X-ray pattern of quartz were always less than the true(Frondel) 
values of 2-theta. This difference decreased with increasing 2-theta. 
Gennanite was calibrated from this graph as follows: if a peak at 2-theta 
of 21.6° was observed the calibration shows that .04° 2-theta should be 
added to this. The corrected 2-theta is 21.64° 2-theta. For more infor-
mation on this calibration method see Cullity(l956, p. 342). 
As can be seen from the refinement based on corrected 2-theta values 
from the X-ray strip chart(Appendix 6.3) many of the values on the JCPDS 
card do not appear. Also the difference between calculated and observed 
2-theta values is, in some cases, very large. In one case, the (10.7.3) 
planes have a difference of over 1° 2-theta{Appendix 6.4). If one as-
sumes that the calibrated 2-theta values are correct, then either the 
crystal system or space group of germanite is incorrect. Since single 
crystals of germanite have never been observed it is difficult to det-
ermine the crystal system. Also, apparently, there is no agreement as 
to what is the.true space group of the mineral. Palache(l944, p. 385) 
picks the space group as F43m. Murdoch(l953, p. 796)believes the space 
group of germanite because he considered it to be isostructural with col-
usite and renierite and crystals of these two minerals have been observed. 
The errors on the JCPDS card for germanite may represent some prob-
lems as to what space group and crystal system the mineral belongs to. 
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CONCLUSIONS 
Overall, the JCPDS d-values matched up well with the calculated d-
values that were produced by the refinement programs. Small errors are 
noted. For instance, fluorapatite showed the greatest error between 
observed and calculated 2-theta was .041°. This corresponds to a very 
small distance on a powder film or X-ray strip chart. Other errors are 
the misindexing of d-values. Excluding germanite, this only occurred 
once, with hardystonite. On the other hand , though there are some 
JCPDS cards which have many errors. In the case of germanite there were 
many unindexed lines, as well as lines that were indexed incorrectly. 
Murdoch probably realized this but still recorded these lines because 
he saw them and as a scientist he couldn't ignore them. He left his 
data for others to study and possibly come up with answers to the dis-
crepancies he encountered. 
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0 .1rr>..2, . I031t ,00008 ?, . I I?> 
I . 1447, 
.14'480 -.00001 2-'-28 
4 , IG,'fol 
.1""4<1 ,00052. 2.4~1 
4 .2ui30 .1.,qc.:1 
- . 0001.1 1.ci2<o 
0 
· 31002. .~o<ls-4 .00046 1,7q7 
I ,'3Si31 • '!>SI I(., .00021 1.&,!11 
q 
.1>745'4 .~14,r - • OOl.lO 7 I -"~4 
0 .41250 .417.72 -.00022. 1.S57 
I I .45406 .45434- -.0002<.. 1.4%4 
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hkl generator output 
for embolite 
( 
12- 45' HARDVSTONITF 
( 
TETRAGCNAL A3.l 
LAMBDA = l .~<t0562A; INPUT DATA: 35 VALUES CF D (OBS I Refinement output 
( for hardystonite 
REFI,EME~T M!Nf'l!Z!NG THE su• CF THE SOU ARES OF HE HS !DUALS CF 1,0 .. 2 
( A= 7.8!87A \ C= 5.0l6CA 
• 1- O.OC26 D.0018 
( S ~R (DEGREES 2-THETA;; 1.52730-0 l 
R•S RESIDUALS {DEGREE .. 2-THETAI: 6 .6D580-02 \. RES!DUA-L! 
{ .. K L 2-THETA D mes 1 D (CALC> 110••2 
2-THETA WEIGHT 
C 0 l 17.660 5.0180 5.0HO -o.ooco3 -0.0
07 1.00 
l 0 l 21.034 4.2200 4.2219 o.ootc5 0.010 1.00 
I l I 23.960 3. 711C 3. 7149 C.OCCl5 
0.026 1.00 
( ; I 0 25.479 3.4930 3.4966 O.OCC17 0.
021 1.00 
2 0 I 28.918 3.0850 3.C835 -0.COClO 
-0.015 1.00 
2 I 1 31.159 2.8680 2.8685 O.CCCC4 
0.005 1.00 
2 2 0 32.184 2.11q•:J 2.7643 -O.CCl38 -0
.176 1.00 
( C 0 2 35.802 2.5C6C 2. 50 eo O.O
CC26 0.030 1.00 
' 
I 0 36.296 2 .4 730 2.4725 -O.CCCC7 
-o. 008 1 .oo 
2 2 I 37.120 2 .4 20 o 2.4210 O.CCCl4 
0.016 1 .oo 
I a 2 37. 702 2. 3 E4 C 2.3882 O.CCC61 
o. 068 l .co 
( ' 0 I 38.887 2.3140 
2.3127 -o.ooc21 -o. 02 3 I .oo 
1 I 2 39. 43 7 2.2830 2.284G O.OCCl7 0.010 1.00 
' 
I I 4D.624 2.2190 2.21 77 -0,00t24 ~8:8B I .OD 
, I 2 44.438 2.0370 2.0,eo O.OCC23 
1.00 
' 
2 1 45.521 1.9910 1.9905 -o.occ13 -0.
013 1.00 
4 a 0 46.559 1.9490 1.9547 O.OCl52 o. 143 l .oo 
4 I 0 47,941 1. 8 960 1.890 0.00(09 o.oos 
1.00 
2 2 2 49.041 1.8560 1.8575 O.OOC45 0
.041 1.00 
' 
I 2 51.878 I. HI C l,76C7 -o.ooc10 -a.
 000 I .oo 
' 
3 I 52.879 I. 7300 l. 7298 -o.ooco1 
-o. 00 6 1.00 
' 
2 2 56.G27 1. b 40 C 1,6404 . O.CCCl7 0.0
14 I .00 
j l 3 57.557 l.bCOC l.6CC4 0.00(21 0.017 1.00 
' 
0 3 60.153 1. 5 370 1. 53 73 O.OCC17 0
.013 1.00 
; I 3 61.434 1.5080 l. 5084 O.OCC25 
0.019 1.00 
' I 1 63,298 1.4680 
l.46t4 -o.cc1c2 -0.078 1.00 
~ 2 3 65.133 l.<t31C ! .43C7 -O.CCC23 -0.0
17 1.co 
0 3 66. 3 8 6 l.4C70 1.4073 o.occ22 0
.016 1.00 
' 
2 I 67.G32 1.,950 1.3946 -o.occn 
-a. 019 1.00 
' 
1 3 67.581 1.3950 l.3A5C o.occc3 
o. 002 1.00 
4 3 2 70.783 1.3300 l.3H9 -O.OC261 
-o. 188 --- 1.00 . 
' I ? 72. 350 l.3C5C 
l.3CE2 o.cc;90 0.207 1 .oo 
i 0 0 72.479 l. 3 C 3C 1.3031 O.COCIO 0.007 1 .oo 
4 1 3 75.796 1.2540 1.2541 O.COCl3 
a.cog 1.00 
I 0 4 76.R80 l.239C 1. 2 3 e2 -O.OCC86 
-o. 060 1,00 
REF1,E•ENT "INISIZING Tn su• OF THE SQUARES CF HE PESICLALS -CF lHElA 
A= 7.8193A C= 5.0154A 
+ I- 0,0(27 O.C019 -------------
S 5R (DEGRE•S 2-THEH I: 1.52130-01 
RSS RES I CUAL S (DEGREES 2-THETAI: 6 .59280-02 
RESIJ UAL! 
K L 2-THF TA o rn es 1 · UICALCJ 110*•2 · - 2-f*
H -~EIGHT 
0 I 17.660 s.c1qc 5.0154 -O.OOC04 -o. 009 1.
00 
C 1 21.034 4.?200 4.2216 O.COCC4 o. 
008 1.00 
I I 23. 960 3.7110 3.7148 C.CCC15 0.0
25 1.00 
I 0 25. 4 79 3.4930 3. 4969 O.OOCl8 a.
 029 1.00 
0 l 23.918 3.C850 3.0835 -0.00CII 
-0.015 1 .oo 
I 1 31.159 2.8680 2.P685 c.occc4 
J.00 5 I .00 
2 0 32. I 84 2. 77qc 2.7645 -C.CCl36- -o
. 17 3 1 .co 
0 2 35.802 2.5060 2.5077 o.ccc21 0.0
25 1.00 
I C 36.296 2 .4 730 2.4727 -o.occo4 
-0.005 1 .oo 
2 I 37.120 2 .4 20 0 2.4211 c.coc15 0.
017 1.00 
0 2 37. 702 2. 3 84 C 2,3879 C.CCC57 o.0
64 1.00 
0 1 38.887 2.3140 2.312~ -c.coc20 -0.0
22 1.00 
l 2 39.437 2,2830 2.2838 0 .OOC13 0
,014 1.00 
l I 40.624 2.2190 ~-2118 -0 .COC22 -£:8~5-- I .00 
l 2 44. 4 38 2.037C .0379 O.COC20 
1.co 
2 I 45.521 1.9910 1.9905 -0.COCll -0.011 
1.00 
0 C 46.559 1.9490 1.9548 0.00156 o. 14 7 
1.00 
I { 47 .941 1.8960 l.89t4 O.OOCl3 0
.012 1.00 
2 2 49.041 l.~56C 1. 8 5 74 C.OOC43 o. 039 
l .oo 
I 2 51.878 l.HIC 1.7607 -0,0CCII -0.
010 1 .co 
3 I 52. 8 79 1. 7300 1.7299 -O.OOC03 -a.
 oo 3 1.00 
2 2 56,027 1. 6 40 C 1. 64C3 C.CCCl6 0.0
13 I .00 
I 3 57.557 1.6000 l.60C2 o.oac12 0.
009 1.00 
0 3 60.153 1.5:10 l .5H2 o.cocc9 0.0
07 l .oo 
l 3 61.434 1.5C8o I. 5083 O.OCCl7 o. 01 3
 1.00 
I 1 63.298 1.4680 I, 466 5 -c.cc.:97 
-0.074 1.00 
2 3 65.133 1.4310 1.4306 -O.CCC30 
-0.023 1 .oo 
0 3 66.386 l ,4C70 1,4072 O.OCCl4 O
.Oll 1,00 
2 1 67.032 1.3950 1.3947 -o.coc20 -0.0
15 1.00 
I 3 67.581 1.3850 1.3849 -0. C OC04 -o. 0
0 3 I .oo 
3 2 70.783 l.33JO 1.3270 -O.C0259 -0.186 
I .oo 
I 2 72. 350 1.3050 l.3Cf3 0.00292 0.209 
I .CO 
0 0 72.479 1.3030 1,3032 0.00(19 0.013 
1.00 
I 3 75.796 1.2540 1.2541 o.occcg 0.
006 l .oo 
0 4 76.880 1.2390 1.2380 ~o .cc 102










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































L •><BOA = 1. 540562Af lNPUTll,\r A:1TVA[UE5-CF llITl!SI 
R EF I ~E ME~ T -l!H I Mm NG--.ict5Ul! --cr~FE SllUARr,OF-oHtlfFSlWJI:>UF --uon,- of franklifilll __ _ 
A • 8.4 768A 
_ H-__ _O.J)ClJ ____________ _ 
S !R (DEGREES 2-THETAI: 9.76810-02 


















RESIDUAL .. L 2-THETA O(OBSJ O(CALCJ 1/0 .. 2 2-THETA WEIGHT 1 18.164 4.8800 4.8941 o.OOC24 o.053 1.00 0 _29,858 ____ _2_2-'--<-<.959g_o8--- 2-.-iue----"o_._.ooc52 o.o;,-7,..,._1 _____ 1.00 1 35.164 ·" ---Z ,no o.oom ;093 
-y;oo 2 36.805 2.4400 2.4470 o.COC96 o.109 1.00 O 42.611 2.1200 2.1192 -0.00Cl7 '-0.017 1.00 2 52.879 1.7300 1.7303 0.00012 0.010 1.00 -----1 56.327 
-;n-zi,----------..6ni. -o.llonir - ;-oz4 c.ao O 61.843 1.4990 1.4985 -0.00030 
-0.023 1.00 o 10.116 1.3400 1.3403 o.coc24 0.018 1.00 
2
3 ____ 73,130_ 1,2930 1,2921_ -o.coc28 
-0.020 1.00 74.063 I.279C ---i.n79 -o.001oi.---~-:..-u;U7 T;OO 4 77.999 1.2240 1.2235 -O.OOC53 
-0.037 1.00 2 85.665 1.1no 1.1328 -0.00034 
-0.023 1.00 1 88.488 1.1040 1.1036 -0.00063 
-0.043 1.00 o ------·-93.103 1.0610 1.---us;6 -o-.m36 - .161 r.uo O 101.036 C,998C 0.9990 0.00200 0,138 1,00 1 103,925 C.978C 0.~788 0,00173 0,121 1,00 
REFINEME~T MINIMIZING THE SUM OF THE SQUARES CF THE RESICU.LS OF THETA 
A= 8 ,4 763A 
+ I- O,OC19 
S SR !DEGREES 2-THETAI: 9.72730-02 R ~S RESICUALS -roEGRIT><-THETAI: 7 ;,o'i3D-
RESIDUALS ~ K L __ _2-,HEIA 
~661 OICALCI 1,0 .. 2 2-THETA WE IGH_T I 1 1 1 , 164 • g 0 ~38 0.00(24 0.052 1.00 2 2 0 29,858 2,990C 2,9968 O.OOC51 0.069 1.00 
' 1 1 35,164 2. 5 50 0 2.5557 O,COC68 o. 081 1,00 2 2 2 36.805 2,4400 2.4469 0,00094 0, 107 1.00 4 a 0 - 42.6[1 2.1200 2.1191 -o.ooc20 -0.020 1.00 4 2 2 52 .8 79 1.7300 1. 73C2 O,CJOG8 o. 007 1,00 
' 1 1 56,327 1,6320 1,6313 -0.00034 -0,028 1.00 4 4 0 61.843 1. 4990 1.49e4 -0, OOC35 
-0.027 1.00 E 2 0 -70. 17 .3400 J.3402 o.oo-c1e 0.013 t.OO ! 3 3 73,130 1.2930 1,2926 -0 .OuC35 -0,025 1.00 t 2 2 74,063 1.2 79 0 1.2778 -0.00110 -0,078 1,00 4 4 4 77,999 1 :1H8- 1,2234 -0,00061 -0.042 1, 00 E 4 2 - --" 5 • 66 ,--
.~ 32 f -0.uui:1,T 
-
.02<1 1.00 1 3 1 88 ,48 B 1.1040 1,1035 -0,00(72 
-o. 049 1 .oo E 0 0 93,103 1,0610 1,0595 -0,00246 
-0, 168 1.00 t 6 a 101.036 C.9960 C,9989 o.cote8 0,131 1,00 7 5 1 103. 925 C,9780 0.9788 0,00161 o. 113 1,00 
--- -·-------------- ------- -------·-----
vs LC~OER 
CFTIONS USED - PRINT,NGMAP,NOLET,CALL,RES,NOTERM,SIZE=i63840,NAHEs**GO 
TOTAL LENGTH 89-BC ---~-----
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• GERMANI TE 10-469 
cusrc 




REFINEMENT MINIMIZING THE SUM OF THE SQUA~ES OF THE RESIDUALS OF ___ l/D**Z 
l= 10,5732A 
+/- 0,0063 
u~ ~~~i~oxrs 2,~~e~~J; 2-THETA l: i:i~£~8~£ 
--- --------
H K L 2-THETA DIOBSI DICALC) 11oulESIDUALS 2-TH~TA 2 0 0 16,700 5,3042 5,2866 -0, OOC24 
-0,056 2 l I -20,540 
--- -- - .!t__.__3_20 ~.3]65 --"C0,~0010 -C,019 3 I 0 26,640 3,3434 3.3435 0,00001 0.001 2 2 2 29.180 3,0579 3, 05 22 -O.C'r'l040 
-0.055 3 2 0 30,230 2.9540 2.9325 -o.vUl69 -0,227 4 0 0 33,840 __ . _ 2._,6_467 .6~33 -O,OD037 -0,045 4 I 0 35,060 2.5573 2,5644 C.00084 0.099 
.3 3 2 39,910 2,2570 2 ,2542 -o .r.or,4c. -0.052 4 3 1 43,620 2,0733 2,0736 0.00007 0.001 
_4 4 0 48,6°40 - __ _l~ 1!7D4- ----1...1!6-'ll ____ -0,0003S 
_ -C.035 4 3 3 50,440 1,8078 1,8133 0,00186 6 2 2 57,690 ,5966 1.5940 -0,00131 
8 0 0 71,200 1,3232 1,3216 -0.00137 
* 
6 2 
4 4 ~g,900 .940 - i:Ub~ l:&,~i - 8·0RD63 - .c, 221 6 6 6 98,220 1.0189 1,0174 -0,00290 
18 8 0 no, 760 £'9~62 g,9345 -g,go4oo 6 2 8, 8 o 
- -
-~e- 49 ,ru6 - • 0365 10 7 3 133,960 ,8369 o. 4 ·2---- 0.("11433 
10 6 6 145,220 o.eo12 0, 8062 -0 ,00372 
------·· -----
REFINEMENT MINIMIZING THE SUM OF THE SQUARES OF THE RESI~UALS OF THETft 
A= 10,5725A 
+/- 0,0064 
SSR {DEGREES 2-THETA): 2,33q4D+OO 
RMS RES !DUALS (DEGREES 2-_T_liEIAJ:. ________3__,4201D--Ol 
H K L 
2 0 0 
~ l A 
2 2 2 
1 6 8 
4 l 0 
1 ~ r 
4 4 0 
4 3 3 
6 2 2 
t g ~ 
8 4 4 
a i 8 
10 6 2 





















DIOBSJ DICALCl 11D**2 
RESIDUALS 
45 •• 3 0,.0.2 -----'I-' 2.BJ,..2_ __ -0. 0 0 0 2 4 3205 4,3162 -C,COCll 3,3434 3,3433 -0,00000 
3,0579 3,0520 -O.OC04l 
2,9540 ·--- 2.,9323 _____ -0.00111 2,6467 - ~ ,6~1 -o.ccr,30 
2,5573 2,5642 0,00082 
2,2570 2,2541 -0.00052 
-f~~--------f:~-- -- _g:ggg2i 
1.eu1Et 1.A132 o.001e2 
1,5966 1,5939 -0,00136 
1,3232 1,3216 -o.oo 144 
1,2123 1,2127 0,00054 l, 0805 ----, ,0190----- -- '-1' ,rr233 
l ,01B9 1,0173 -o. 00303 0,9362 0.9345 -0,0(415 
0,B949 O,B935 -0,00382 















-o. 02 0 
-0,0~1 
-0.057 














1. 3 21 
-0.471 




1 • 0 
1,0 
1.0 
I • 0 
I • 0 
1.0 
1. C' I ., 
.u 
1 • 0 
J,0 
1,0 
1 • J 
1,0 




l • ': ,') 




I • CJ 
I. 0: 
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